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One of the most typical seafood dishes in the Brazilian coastal areas is the cooked mangrove-land crab,
Ucides cordatus (L.). Mortality events of U. cordatus were reported from a large extension for over 15
years, especially in the Northeast region. These mortalities are known to be triggered by an epizooty
known as Lethargic Crab Disease, for which the putative etiological agent is a new species of black yeast,
Exophiala cancerae De Hoog, Vicente, Najafzadeh, Harrak, Seyedmousavi, & Boeger. Although there is no
compelling evidence that this fungus may represent a zoonosis, there is great public concern regarding
consumption of crabs from affected regions. Thus, this study evaluates the efﬁciency of cooking proce-
dures on the inactivation of the etiologic agent. The variation of the internal temperature of crabs and
tests of the activity of E. cancerae to temperature under simulated cooking condition were determined
and the results were analyzed combined. The results indicate that crab’s core body attains the boiling
water temperature about an average of 14 min after exposition. Furthermore, short intervals of exposure
(30 s) to such boiling temperatures were sufﬁcient to warrant inactivation of E. cancerae. Thus, the
traditional mode of preparation of the mangrove-land crab is sufﬁcient to inactivate the pathologic agent
and the consumption of sick or carrier animals should not represent a potential public health risk.
 2011 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
Every week, a large number of mangrove-land crabs, Ucides
cordatus (Linnaeus 1763) (Brachyura: Ocypodidae), is consumed in
coastal regions of the northeast Brazil. It represents one of the most
traditional dishes, with specialized restaurants and special festivi-
ties throughout the year in several localities in the region.
The species has an important position as a ﬁshery resource in the
northern and northeastern coast of Brazil, especially to impov-
erished communities as it does not require specialized equipment
for its capture. Only in the city of Bragança (state of Pará), where the
artisanal activity of crabs harvest may reach an annual income of
7 tons per km2 of mangrove, it has produced ﬁnancial returns
sufﬁcient not only to the sustain crab ﬁshermen families but also to
stimulate the local commerce (Araújo, 2006, 176 p.).ia, Caixa Postal 19073, Uni-
, Brazil.
is-Ribeiro).
sevier OA license.Traditionally, mangrove-land crab is consumed after cooking in
water and salt (with spices, occasionally) for about 25 min,
depending on the desired texture of the crab meat (Pedrosa &
Cozzolino, 2001). The species is never consumed raw. However,
after capture, crabs are transported alive in trucks without any
hygienic control, packed in fabric bags, or simply tied to each other,
always along with the mud residues they are taken. Afterwards,
crabs are exposed for marketing without any preventive hygienic
treatment, except for the washing performed by the consumer
(Vieira et al., 2004).
For this reason, the number of investigations directed to the
isolation of pathogens associated to food-borne diseases in
mangrove-land crab meat is increasing. Among these studies,
Theophilo and Vieira (1994) isolated several strains of Vibrio para-
haemoliticus in samples of livingU. cordatusmarketed in restaurants
of Praia do Futuro (city of Fortaleza, State of Ceará); this facultative
anaerobic bacteria is recognized as an important pathogen of
humans and aquaculture animals (Wong, Chen, Liu, & Liu, 1999).
Further, Vieira et al. (2004) also isolated serovars of Vibrio spp.,
Salmonella senftenberg, Salmonella poona, representative species of
Fig. 1. Dynamic of the increasing in U. cordatus core body temperature along the
exposition to coction process.
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U. cordatus. These last four taxa of microorganisms inhabit the
intestinal tract of humans, which indicates probable contamination
by sewage (direct or indirect) in the capture sites of these crabs.
However, according to the resolution of the National Sanitary
Surveillance Agency (ANVISA, Brazil) e Resolution DRC n12 of 02
January 2001, which is applied to food destined for human
consumption, just analysis of only one restricted group of bacteria is
required to ﬁsh and ﬁsheries products (coagulase-positive Staphy-
lococcus, Salmonella sp. and thermotolerant coliformseat 45 C) and
no reference values are determined for other microorganisms.
Besides these well-known human pathogens, there is an
increased awareness in the region concerning the consequences of
ingestion of the black yeast Exophiala cancerae De Hoog, Vicente,
Najafzadeh, Harrak, Seyedmousavi, & Boeger (De Hoog, Vicente,
Najafzadeh, Harrak, & Seyedmousavi, 1999), which is considered
the causative agent of the Lethargic Crab Disease (LCD) (Orélis-
Ribeiro, Boeger, Vicente, & Ostrensky, 2011). The LCD is an
epidemic inﬁrmity responsible for numerous mortality events of U.
cordatus since 1997, periodically affecting several mangroves along
Brazilian coast (Boeger, Pie, Ostrensky, & Patella, 2005; Boeger et al.,
2007). This same species has also been reported from a toad with
signs of systemic mycosis, drink water, fruit drink, and a human
skin infection (De Hoog et al., 1999).
Studies of species of black yeast phylogenetically close to the
LCD etiologic agent, such as Exophiala dermatitidis and Exophiala
spinifera, postulate the ingestion as a possible route for systemic
infections in humans by these microorganisms (De Hoog, Poonwan,
Gerrits, & Van Den Ende, 1999; Hiruma et al., 1993). Thus, consid-
ering the cooking technique of U. cordatus, it has become of utmost
importance to assess whether this process represents risk of
infection by E. cancerae for the consumers. Therefore, the goal of
this study is to elucidate this important public health concern by
determining the time of inactivation of the fungal elements under
simulated cooking conditions. Further, as LCD is a systemic
phaeohyphomycosis of the mangrove-land crab, we evaluated the
time required for the internal portions of the crab to reach the
temperature of the boiling water while cooking.
2. Materials and methods
2.1. Evaluating the time to boiling temperature reaches crab
innermost tissues
Healthy specimens of U. cordatuswere collected in Ilha das Peças
(Bay of Antonina, State of Paraná, southern coast of Brazil), displaying
a commercial size that range between 6.1 and 7.3 cm. Crabs were
euthanized by pitting. A total of 8 crabs were introduced individually
in an aluminum-based pot with boiling water at a temperature of
98 C. The internal temperature of each crab was measured at each
15-s interval, with the support of a digital food thermometer (Digital
Thermo; Thermopress, France) (inserted in the carapace, immedi-
ately ventral to the heart) and a stopwatch (Traceable).
2.2. Testing resistance of Exophiala cancerae to the temperature of
cooking
Prior to the in vitro tests used for evaluate the resistance of E.
cancerae (CBS strain 120420) to the temperature of cooking,
mycelia fragments stored in Sabouraud Dextrose Agar (Himedia)
were plated in Mycosel Agar (Pronadisa) and incubated for two
weeks (at 25 C). This strain was isolated and puriﬁed from
moribund crab tissues during an LCD’s mortality outbreak in the
state of Sergipe, northeast Brazil. The yeast cells and elements of
hyphae obtained from the recovered colonies were suspended insaline solution (2.5%, the same physiological salinity of U. cordatus
hemolympheHarris & Santos, 1993), resulting in a stock solution
of approximately 2  107 fungal elements per mL. Manipulations
were performed in a horizontal laminar air-ﬂow workstation
(LabCon Co., Puriﬁer Class II). Aliquots of 50 mL of this solution
were transferred to 4 microtubes (0.2 mL, Axygen). Each micro-
tube was exposed to the temperature of 98 C in a thermocycler
(Mastercycler personal, Eppendorf) for different time-intervals (0,
30, 120, and 300 s). Afterwards, the contents of these tubes were
individually plated in Mycosel Agar and incubated for 14 days at
25 C. Subsequently, digital photographs (with a Sony MVC-
CD500) for the resulting 4 Petri dishes (90  15 mm) were
analyzed with the support of the SigmaScan Pro 5.0 program
tools (Systat Software Inc.). All images were converted to scales of
gray and measurements were limited to elements with strict
intensity threshold (over 60 pixels), i.e. areas occupied by CFUs
(Colony-forming units) of E. cancerae. This experiment was
repeated 5 times.3. Results and discussion
Except for a single mangrove-land crab that only reached its
maximum internal temperature after about 20 min of cooking
(specimen 06), the other animals (87.5%) required a maximum of
14 min to reach 98 C (Fig. 1). Furthermore, in the resistance
analysis to cooking temperature, the colony growth of E. cancerae
was observed only in the control group (0 s), in which colonies
occupied an average of 1549 mm2 of the Petri dishes (Fig. 2).
Thus, our results strongly indicate that the causative agent of the
LCD is inactivated or dead within 15 min of the coction process of
the crabs. This cooking time is almost half of the time typically used
in the preparation of the traditional dish of this crab species and,
thus, E. cancerae should not represent a potential public health
problem under this scenario.
Sterﬂinger (1998), measuring the lethal temperature of rock-
inhabiting black yeasts, noted that dehydration is an important
prerequisite for these microorganisms withstand high tempera-
tures. In their study, the dried mycelia stand temperature up to
120 C for at least 30 min, retaining full-growth activity after
transfer to fresh medium. However, for physiologically active and
fully hydrated thalli, the lethal temperature is between 35 C and
75 C. Hence, these results corroborate our study.
Fig. 2. Average CFU growth of Exophiala cancerae (CBS strain 120420) after exposition
to the cooking (boiling water) for different time-intervals.
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may still affect crab grabbers and other people who handle and
transport these animals to their ﬁnal destinations via other infec-
tion pathways. Indeed, De Hoog et al. (1999) indicate that the
“despite its maximum growth temperature of 33 C, the species
possesses intrinsic virulence factors. These may be expressed
particularly in external tissues of the extremities patients with
reduced blood circulation, e.g. to underlying diabetes.”
Therefore, future evaluation of the pathogenicity of the LCD-
causative agent to mammalian hosts, through mice intra-
perithoneal and superﬁcial inoculations, will provide a better
understanding of the outcomes of a possible cross infection of these
microorganisms.
Despite the characteristic ubiquity of black yeasts, there are few
reports of contamination of food by these microorganisms. Kazanas
(1986) isolated a strain of E. dermatitidis(Kano)de Hoog &
Hermanides-Nijhof, 1977 from edible desiccated mushrooms,
a dermatropic as well as neurotropic agent that causes cutaneous
and disseminated phaeohyphomycosis (Ajello, 1975; Ajello, Georg,
Steigbigel, & Wang, 1974). By intraperithoneal inoculations and
intragastric intubations in mice, the authors conﬁrmed the poten-
tial for systemic infection of these black yeasts by both routes.
Thus, responsible public policies depend strongly on additional
evaluation of the infection potential of the black yeast species, as
highlighted by their recognized harmful effects. Some of the clinical
signs of black yeast infections are discreet and might remain con-
cealed for a long time, particularly given that crab grabbers often
live in remote areas with poor health assistance. This is an area that
deserves special attention by health ofﬁcials in the regions affected
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